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(54) Thin film passive rinp 
resonator laser gyro 

(57) Passive ring resonator laser gyro 
in which the clockwise and 
counterclockwise beams do not 
coexist in the resonator. The laser 
gyro employs thin film technology. In 
particular, the preferred laser is a 
gallium aluminum arsenide laser. 
Light from the laser 1 2 is phase- 
modulated by means of a thin film 
electro-optic modulator 14 
comprising a channel waveguide 
disposed on an electrically active 
material and flanked by electrodes 
for modulating the phase of light 
from the laser. An electro-optic 
switch 16 is provided for switching 
light from the laser to inject 
alternatively clockwise and 
counterclockwise beams into the 
resonator 24. The resulting gyro is 
extremely compact and simply 
implemented into an integrated, thin 
film package. Because the clockwise 
and counterclockwise beams do not 
coexist in the resonator, various 
beam interaction effects such as 
beats, backscatter and feedback into 
the laser are eliminated. 
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SPECIFICATION 

Thin film passive ring resonator laser gyro 

5 This invention relates to a laser gyroscope 
and more particularly to a laser gyroscope em- 
ploying thin film technology in which the 
clockwise and counterclockwise beams do not 
coexist in the resonator. 

10 Laser gyroscopes operate by propagating 
clockwise and counterclockwise beams of light 
into a resonator. If the resonator has an angu- 
lar velocity in the plane of the resonator, the 
apparent path length for one of the beams will 

16 be longer than that of the counter propagating 
beam. Therefore, the resonance conditions for 
the two beams are no longer the same In 
order to bring both beams back into reso- 
nance, biasing must be provided to compen- 

20 sate for the apparent change in path length 
both in the clockwise and counterclockwise 
directions. 

When both the clockwise and counter- 
clockwise beams exist simultaneously in the 

25 resonator, various detrimental interaction ef- 
fects may result such as beats, backscatter 
and feedback into the laser. These interactions 
degrade the performance of such a laser gy- 
roscope. 

30 It is therefore an object of this invention to 
provide a passive ring resonator laser gyros- 
cope which substantially eliminates interaction 
effects such as beats, backscatter and feed- 
back into the laser. 

35 The invention comprises a laser gyroscope 
including a solid state laser and a thin film 
passive ring resonator. A thin film delivery 
loop waveguide is provided which is evanes- 
cently coupled to the resonator for delivering 

40 light from the laser into the resonator. An 
electro-optic switch of thin film construction 
alternatingly injects a beam of light from the 
laser in a clockwise and a counterclockwise 
direction into the delivery loop. Also provided 

45 is an electro-optic modulator of thin film con- 
struction for modulating the phase of light 
from the laser so as to maintain the clockwise 
and counterclockwise beams on resonance in- 
dependently. 

50 In one embodiment, the electro-optic modu- 
lator is disposed between the laser and the 
electro-optic switch In another embodiment, 
the electro-optic modulator is disposed in the 
passive ring resonator itself. In these embodi- 

55 ments, the electro-optic modulator includes a 
channel waveguide disposed on an electrically 
active material and flanked by electrodes for 
modulating the phase of light from the laser. 
The electrooptic switch also includes a chan- 

60 nel waveguide disposed on electrically active 
material and flanked by electrodes adapted for 
switching light from the laser so as to inject 
alternatingly clockwise and counterclockwise 
beams into the delivery loop. The preferred 

65 electrically active material is titanium diffused 



LiNbO,. The preferred solid state laser is gal- 
ium aluminum arsenide. The passive ring reso- 
nator is preferably a low loss electro-optic 
waveguide made of zinc oxide and mounted 

70 on a substrate made of glass, thermally oxi- 
dized silicon or quartz. Doped plexiglass on a 
quartz substrate can also be used. 

The invention disclosed herein will be better 
understood with reference to the drawing of 

75 which: 

Fig. 1 is a schematic representation of the 
laser gyro In which the electro-optic modulator 
is located between the laser and the electro- 
optic switch; 

80 Fig. 2 is a graph illustrating the various 
states of the electro-optic modulator and the 
electro-optic switch; 

Fig. 3 is a schematic representation of a 
laser gyro in which the electro-optic modulator 

85 is included within the resonator itself; 

Fig. 4 is a graph illustrating the states of 
the electro-optic modulator and electro-optic 
switch for use with the embodiment of Fig.3; 
Fig. 5 is a perspective view of the thin film 

90 laser gyroscope disclosed herein; and 

Fig. 6 is a schematic view of another em- 
bodiment of the invention disclosed herein. 

With reference first to Fig. 1, a laser gyros- 
cope 10 includes a solid state gallium alumi- 
95 num arsenide semi-conductor laser 12 which 
generates monochromatic light. Light from the 
laser 12 passes through a thin film electro- 
optic modulator 14 which provides frequency 
shifting in the light beam by a linear change in 

100 phase with time. The modulated light beam 
then passes into a thin film electro-optic 
switch 16. The electro-optic switch 16 steers 
the beam alternatingly into an upper branch 
18 and a lower branch 20 of a delivery loop 

105 22. The delivery loop 22 is positioned near a 
passive ring resonator 24 so that the delivery 
loop 22 and the passive ring 24 are evanes- 
cently coupled. An output loop 26 is also 
evanescently coupled with the passive ring re- 

1 10 sonator 24. The output loop 26 is connected 
to detectors (not shown) for responding to 
the frequencies of the clockwise and counter- 
clockwise beams. When the laser gyroscope 
10 has an angular velocity, the path length 

115 within the resonator 24 appears longer to one 
of the beams than it does to the counter- 
propagating beam. In order to maintain each 
cf the beams independently on resonance, the 
frequencies of the clockwise and counter- 

120 clockwise beams must be shifted by an equal 
and opposite amount in order to maintain the 
resonance condition. The frequency shift re- 
quired to maintain resonance is proportional to 
the rotation rate. 

125 Fig. 2 illustrates the phase shift waveforms 
necessary to maintain the resonance condition. 
The upper curve in Fig. 2 represents the vol- 
tage signal applied to the electro-optic modu- 
lator 14. It should be noted that the electro- 

130 optic modulator 14 is synchronized with the 



6/20/06, EAST Version: 2.0.3.0 



2 



GB2178526A 2 



electro-optic switch 16 so that the clockwise 
and counterclockwise beams do not coexist in 
the resonator 24. In particular, at t - 0, the 
clockwise beam is injected into the resonator 
5 24 and the electro-optic modulator 14 pro- 
vides a frequency shift of +AF. AF is the 
frequency shift required to maintain resonance. 
At time t = t, the counterclockwise beam is 
injected into the resonator and simultaneously 

10 the electro-optic modulator shifts the fre- 
quency as indicated by — AF in Fig. 2. After 
another interval of seconds, the clockwise 
beam is injected and the electro-optic modu- 
lator 14 is suitably switched. This alternation 

15 continues repeatedly. As shown in the lower 
portion of Fig. 2 the frequency detectors (not 
shown) are maintained on except for short in- 
tervals around the switching time so as to 
avoid switching transients. 

20 In operation as the laser gyro 10 rotates, 
the frequency detectors (not shown) con- 
nected to the output loop 26 will detect fre- 
quency shifts away from resonance, The shifts 
are then used as inputs to the electro-optic 

25 modulator 14 to provide the appropriate fre- 
quency shifts to maintain both the clockwise 
and counterclockwise beams on resonance. 
As stated above, the frequency shift is pro- 
portional to the angular rate of the gyro 10 

30 which is the quantity to be detected. As 

shown in Fig. 2, the injection of the clockwise 
and counterclockwise beams is alternated so 
that the counterpropagating beams are tempo- 
rarily isolated from one another. This temporal 

35 isolation eliminates detrimental effects such as 
beats, backscatter and feedback into the laser 
12. 

Fig. 3 illustrates another embodiment of this 
invention. In this embodiment, the electro-op- 

40 tic modulator 14 is a phase modulator and is 
disposed within the passive ring resonator 
waveguide 24 itself rather than between the 
laser 12 and the electro-optic switch 16 as in 
the case of the embodiment of Fig. 1. Fig. 4 

45 shows the various waveforms suitable for use 
with the embodiment of Fig. 3. As before, the 
clockwise and counterclockwise beams are al- 
ternated in synchronism with the electro-optic 
modulator. In this case, however, the voltage 

50 signals applied to the modulator 14 are con- 
stants rather than varying linearly with time as 
shown in Fig. 2. Thus the modulator 14 will 
alter the apparent path length of the resonator 
24 to maintain resonance. Also, as before, 

55 the frequency detectors (not shown) are on 
except for short intervals around the switching 
times to avoid switching transients. 

A physical implementation of the laser gyro 
10 as illustrated in the embodiment of Fig. 1 

60 isshown in Fig. 5. The laser gyroscope 10 is 
created on a substrate 30, preferably quartz. 
The gallium aluminum arsenide semiconductor 
laser is coupled into a channel waveguide 32 
on an electrically active material such as titan- 

65 ium diffused lithium niobate. A pair of elec- 



trodes 34 flank the channel waveguide 32. 
The phase in the waveguide 32 is controlled 
by an electric field in the waveguide region 
generated by varying voltages between the 

70 electrodes 34. The waveguide 32 next passes 
through a second set of electrodes 36 also 
having electro-optic properties such that the 
beam can be steered into the upper branch 18 
or the lower branch 20 (Fig. 1) of the delivery 

75 loop 22 depending on the voltage between 
the electrodes 36. Light travelling in the deliv- 
ery loop 22 is evanescently coupled imp the 
passive ring resonator 24. The waveguide re- 
sonator 24 is preferably made of a doped 

80 plexiglas. 

An alternative embodiment is shown in Fig. 
6. A laser gyroscope 60 includes a silicon 
dioxide substrate 62 on which the other com- 
ponents are mounted using thin film techno- 

85 logy. The various waveguides on the substate 
62 are preferably made of a low loss electro- 
optic material such as zinc oxide. In particular, 
a resonator 64 is disposed on the substrate 
62. An output waveguide loop 66 is evanes- 

90 cently coupled to the,resonator loop 64. A 
delivery loop 68 is also located inside the re- 
sonator loop 64. As with the embodiment of 
Fig. 5, a laser 70 delivers either a clockwise 
or a counterclockwise beam of light into the 

95 delivery loop 68 depending on the state of a 
switch 72. An electro-optic modulator 74 is 
placed within the delivery loop. Alternatively, 
the modulator could be placed in the resona- 
tor loop 64 itself. Since the sensitivity of a 
100 laser gyroscope such as that designated 60 in 
Fig. 6, increases with the perimeter of the 
resonator loop, this embodiment allows for a 
larger perimeter in a relatively small package 
since the other components are located within 
105 the loop. 

Thus there has been disclosed a laser gy- 
roscope capable of detecting rotations which 
is based on thin film technology. This gyros- 
cope is thus extremely compact and easy to 
110 manufacture. Furthermore, by means of an 
electro-optic switch, the clockwise and coun- 
terclockwise beams are introduced into the 
reaonator in an alternating fashion so that the 
beams never coexist. This temporal isolation 
115 of the beams thus eliminates detrimental beam 
interaction effects known in conventional laser 
gyroscopes. The thin film construction also re- 
sults in high reliability. 

120 CLAIMS 

1. Thin film laser gyro comprising: 
a solid state laser; 
a thin film passive ring resonator; 
a thin film delivery loop waveguide evanes- 
1 25 cently coupled to said resonator for delivering 
light from said laser into said resonator; 

a thin film electro-optic switch for alternatin- 
gly injecting a clockwise and a counter- 
clockwise beam of light from said laser into 
130 said delivery loop; and 
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a thin film electro-optic modulator for modu- 
lating the phase of light from said laser to 
maintain said clockwise and said counter- 
clockwise beams on resonance independently. 
5 2. The apparatus of claim 1 wherein said 
electro-optic modulator is disposed in said 
passive ring resonator. 

3. The apparatus of claim 1 wherein said 
electro-optic modulator is disposed between 

10 said laser and said electro-optic switch. 

4. The apparatus of claim 1, 2 or 3 wherein 
said electro-optic modulator comprises a chan- 
nel waveguide of an electro-optic material with 
electrodes for modulating the phase of light 

15 from said laser. 

5. The apparatus of claim 1, 2 or 3 wherein 
said electro-optic switch comprises a channel 
waveguide disposed on electrically active ma- 
terial and flanked by electrodes for switching 

20 light from said laser to inject alternatingly 
clockwise and counterclockwise beams into 
said delivery loop. 

6. The apparatus of claim 4 or claim 5 
wherein said electrically active material is titan- 

25 ium diffused LiNb0 3 . 

7. The apparatus of any one of claims 1 — 6 
wherein said laser is GaAIAs. 

8. The apparatus of any one of claims 1 — 7 
wherein said passive ring resonator is doped 

30 plexiglas disposed on a quartz substrate. 

9. The apparatus of claim 4 wherein said 
electro-optic material is zinc oxide. 

10. A thin film laser gyro substantially as 
herein described with reference to the draw- 

35 ings. 

11. Thin film laser gyro comprising:. 

a solid state gallium aluminum arsenide 
laser, 

a thin film passive ring resonator, 

40 a thin film delivery loop waveguide evanes- 
cently coupled to said resonator for delivering 
light fron said laser into said resonator; 

a thin film electro-optic switch for alternatin- 
gly injecting a clockwise and a counter- 

45 clockwise beam of light from said laser into 
said delivery loop said electro-optic switch 
comprising a channel waveguide disposed on 
electrically active material and flanked by elec- 
trodes for switching light from said laser; 

50 and a thin film electro-optic modulator for 
modulating the phase of light from said laser 
to maintain said clockwise and said counter- 
clockwise beams on resonance independently, 
said electro-optic modulator comprising a 

55 channel waveguide disposed on an electrically 
active material and flanked by electrodes for 
modulating the phase of light from said laser. 

CLAIMS 

60 Amendments to the claims have been filed, 
and have the following effect: 

Claims 1-11 above have been deleted or 
textually amended. 
New or textually amended claims have been 
65 filed as follows: 



1 . Thin film laser gyro comprising: 

a solid state laser; 

a thin film passive ring resonator; 

a thin film delivery loop waveguide means 
70 evanescently coupled to said resonator 
adapted to deliver light from said laser into 
said resonator; 

a thin film electro-optic switch means to al- 
ternatingly inject a clockwise and counter- 
75 clockwise beam of light from said laser into 
said delivery loop; and 

a thin film electro-optic modulator means to 
modulate the phase of light from said laser to 
maintain said clockwise and said counter- 
80 clockwise beams on resonance independently 
wherein said electro-optic modulator means 
comprises a channel waveguide of an electro- 
optic material with electrodes adapted for mo- 
dulating the phase of light from said laser. 
85 2. Thin film laser gyro comprising; 

a solid state laser; 

a thin film passive ring resonator; 

a thin film delivery loop waveguide means 
evanescently coupled to said resonator to de- 
90 liver light from said laser into said resonator; 

a thin film electro-optic switch means to al- 
ternatingly inject a clockwise and a counter- 
clockwise beam of light from said laser into 
said delivery loop; and 
95 a thin film electro-optic modulator means to 
modulate the phase of light from said laser to 
maintain said clockwise and said counter- 
clockwise beams on resonance independently 
wherein said electro-optic switch comprises a 
100 channel waveguide disposed on electrically ac- 
tive material and flanked by electrcdes capable 
of switching light from said laser to inject al- 
ternatingly clockwise and counterclockwise 
beams into said delivery loop. 
105 3. The apparatus of claim 1 or claim 2 

wherein said electrically active material is titan- 
ium diffused LiNbO,. 

4, The apparatus of any one of claims 1 — 3 
wherein said laser is GaAIAs. 
110 5. The apparatus of any one of claims 1 — 4 
wherein said passive ring resonator is doped 
plexiglas disposed on a quartz substrate. 

6. The apparatus of claim 1 wherein said 
electrooptic material is zinc oxide. 
115 7. Thin film laser gyro comprising: 

a solid state gallium aluminum arsenide 
laser, 

a thin film passive ring resonator, 
a thin film delivery loop waveguide means 
120 evanescently coupled to said resonator to de- 
liver light from said laser into said resonator; 

a thin film electro-optic switch means to al- 
ternatingly inject a clockwise and a counter- 
clockwise beam of light from said laser into 
125 said delivery loop said electro-optic switch 
comprising a channel waveguide disposed on 
electrically active material and flanked by elec- 
trode means for switching light from said 
laser; 

130 and a thin film electro-optic modulator 
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means to modulate the phase of light from 
said laser to maintain said clockwise and said 
counterclockwise beams on resonance inde- 
pendently, said electro-optic modulator com- 
5 prising a channel waveguide disposed on an 
electrically active material and flanked elec- 
trode means to modulate the phase of light 
from said laser. 
8. A thin film laser gyro substantially as 
10 herein described with reference to the draw- 
ings. 
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